Objective To determine if hemodynamic assessment in 'low-risk' pregnant 
INTRODUCTION
Although pregnancy is a 'physiological event' in a woman's life, it is not free of risks, even in apparently normal pregnancy. Several methods, therefore, have been studied for the prediction of obstetric complications. The fetal cerebroplacental ratio (CPR), first described in 1980, has been studied widely in recent years because of the association of abnormal CPR with adverse perinatal outcome and postnatal neurological deficit 1, 2 . Several studies have evaluated its role in the assessment of wellbeing of fetuses diagnosed as small-for-gestational age (SGA) and those appropriate-for-gestational age (AGA) close to term 3 . Morales-Rosello et al. 4 speculated that the use of CPR in term pregnancies could improve fetal surveillance. In particular, low CPR values seem to be correlated with adverse outcome in AGA fetuses; they found a significantly lower CPR in patients with low neonatal pH values. This finding was not demonstrated in SGA fetuses, in which the risk of relatively low pH is independent from CPR status 5 . Prior et al. 6 demonstrated that the CPR in term AGA fetuses before active labor was a predictor of intrapartum fetal distress and emergency Cesarean delivery. On the basis of these recent observations, even fetuses without any apparent risk factors and with appropriate growth could suffer poor outcome due to placental insufficiency and secondary fetal hypoxemia, as indicated by CPR values. The maternal cardiovascular system is highly stressed during pregnancy and labor. Reduced maternal cardiovascular adaptation has been identified by various authors as an important risk factor for fetal and maternal complications, and extensive data have been published about the usefulness of evaluating maternal hemodynamics during pregnancy. In this study, we aimed to determine if hemodynamic assessment in 'low-risk' pregnant women with an AGA fetus at term can improve the identification of patients who will suffer maternal or fetal/neonatal complications during labor.
SUBJECTS AND METHODS
This was a prospective observational study conducted at the Department of Obstetrics and Gynaecology of Casilino Hospital in Rome, University of Rome Tor Vergata, over a continuous 6-month period. Approval of the local ethics committee was obtained based on a submitted protocol and informed consent was obtained from all patients prior to enrolment.
We enrolled 85 pregnant women who arrived at the obstetric department in the early stages of labor and were then admitted. Inclusion criteria were: singleton pregnancy; certain dating of pregnancy by first-trimester ultrasound examination, with gestational age > 37+0 weeks; estimated fetal weight > 10 th centile; absence of fetal and maternal disease. Fetal biometry was assessed according to local reference values 7 and included biparietal diameter, head circumference, abdominal diameter and circumference, femur length and humerus length.
For each patient, at the time of presentation at the obstetric department, the following parameters were collected: maternal age, body mass index (BMI), gestational age, hemoglobin and hematocrit values and blood pressure. Fetal ultrasound examinations were performed (USS HS7AL30/WR ultrasound machine (Samsung, South Korea) equipped with a 3.5-MHz sector-array transducer with the high-pass filter set at 100 Hz) and umbilical artery (UA) pulsatility index (PI) and fetal middle cerebral artery (MCA) PI were obtained. CPR was calculated as the ratio between the MCA-PI and UA-PI. A hemodynamic profile was obtained, including the following parameters: systolic and diastolic blood pressure, heart rate (HR), stroke volume (SV), cardiac output (CO), cardiac index (CI), total vascular resistance (TVR), cardiac work and cardiac power. Clinicians were unaware of the results of the hemodynamic evaluations.
Patients were followed until the end of labor, recording fetal/neonatal and maternal outcome. We collected delivery data such as type of delivery (spontaneous, vaginal operative delivery or Cesarean section), neonatal birth weight, 1-and 5-min Apgar score and the occurrence of neonatal and maternal complications.
Adverse outcome was defined as: Cesarean section or vaginal operative delivery for fetal distress, postpartum hemorrhage, uterine atony or admission to the neonatal intensive care unit (NICU). Fetal distress was defined as the presence on cardiotocographic monitoring of repetitive decelerations, fetal tachycardia and/or prolonged fetal bradycardia. Postpartum hemorrhage was defined as blood loss > 500 mL during or after the third stage of labor. Uterine atony was defined as failure of the uterus to contract following delivery, which is the most common cause of postpartum hemorrhage. All patients delivered within 24 h following the hemodynamic assessment.
Hemodynamic assessment
In all patients, the hemodynamic profile was obtained by one of two trained operators who were not involved in the management of labor, using an UltraSonic Cardiac Output Monitor (USCOM ® , USCOM Ltd., Coffs
Harbour, Australia). No labor analgesia was given prior to the hemodynamic assessment. The USCOM has been validated against invasive gold standards and flow probes; several studies have demonstrated comparable accuracy to invasive methods that use a pulmonary artery Swan-Ganz catheter 8, 9 . As reported by McNamara et al. 10 , the USCOM system has acceptable agreement with transthoracic echocardiography for the measurement of CO in pregnancy. They found a small positive bias of USCOM, perhaps due to the hyperdynamic cardiovascular state in pregnancy, and good intraobserver reproducibility.
The evaluation was performed with the patient in the left lateral recumbent position to avoid the aortocaval compression of the uterus which occurs in the supine position. The USCOM system used continuous-wave Doppler. A non-imaging transducer was placed at the suprasternal notch in parasternal interspace to measure transaortic blood flow. The Doppler beam was directed in line with the valvular flow from the aortic outflow tract, to acquire a spectral Doppler flow profile that was displayed as a time-velocity plot. During measurement, we took care to optimize the signal until a Doppler profile was obtained that had waves characterized by maximum amplitude, triangular shape and well-defined edges. Once an optimal flow profile was obtained, the trace was frozen on the screen, and the flow profiles were traced automatically, allowing the SV to be calculated, as the product of the velocity-time integral and the cross-sectional area (CSA) of the chosen valve. The CSA of the aortic valve was determined from the proprietary height-indexed regression equations. The CO was then calculated from the product of HR and SV. Maternal blood pressure was measured during this process and the operator input the reading, which allowed calculation of TVR.
To test repeatability of the USCOM measurements, we calculated the coefficient of variation (CV) for SV.
Statistical analysis
Patients were divided into subgroups according to whether labor complications developed. Data are expressed as mean ± SD. Comparison between patients who developed complications and those who did not were performed with analysis of variance (ANOVA). P<0.05 was considered statistically significant. Receiver-operating characteristics (ROC) curve analysis and univariate logistic regression (using the cut-off found by ROC curve analysis) were performed on hemodynamic variables that were significantly different on ANOVA.
RESULTS
Of the 85 patients enrolled initially, five were excluded due to incomplete data and three for gestational hypertension. The remaining 77 patients formed the study population. Of these, 11 (14.3%) developed complications of labor: six underwent Cesarean section, there was one vaginal operative delivery for fetal distress, two had postpartum hemorrhage and two had uterine atony. The study population was divided into two subgroups, according to whether complications of labor developed (n = 11) or labor was uneventful (uncomplicated labor, n = 66). Data are given as mean ± SD. BMI, body mass index; CPR, cerebroplacental ratio; GA, gestational age at assessment; MCA, middle cerebral artery; PI, pulsatility index; UA, umbilical artery. Table 1 summarizes the main characteristics of the two groups. There was no significant difference between the two groups in terms of maternal age, height, weight or BMI, or in gestational age at the time of assessment. Moreover, there was no significant difference between the two groups in terms of UA-PI, fetal CPR, hemoglobin or hematocrit values. Table 2 shows the main hemodynamic findings. CO and CI were significantly lower and TVR was significantly higher in women in whom complications of labor developed vs those with uncomplicated labor. ROC curves for CO, CI and TVR are presented in Figure 1 . Figure 2 shows the incidence of labor complications according to TVR quartile. Table 3 summarizes the univariate logistic regression analysis for the prediction of complications by TVR, CO and CI according to the cut-off values found on ROC curve analysis.
Regarding variability in measurement of SV, the intraobserver CV was 6.0% (r = 0.98) and the interobserver CV was 6.4% (r = 0.97). 
DISCUSSION
We found that maternal hemodynamics determined in the early stages of labor could identify patients at risk for labor complications. In particular, low CO, and, consequently, high TVR, were associated with an 8-10-fold risk of development of fetal distress or maternal complications such as postpartum hemorrhage or uterine atony. It is possible that a hypovolemic state associated with low CO can result in hypovascularization of the uterus. This deficiency may lead to fetal distress and to a failure in contractility at the end of labor and to postpartum hemorrhage associated with uterine atony. Despite improvements in perinatal health due to technological advances in obstetric and neonatal care, the development of maternity and child health services, fetal monitoring, induction of labor and operative delivery, pregnancy and childbirth still involve risk. According to a multicenter study conducted by the National Health Institute, the maternal mortality rate in Italy is 11.8 deaths per 100 000 live births 11 . Perinatal health in Europe has improved dramatically in recent decades. In 1975, neonatal mortality ranged from seven to 27 per 1000 live births; by 2005 it had declined to 8 per 1000 live births 12 .
Because fetuses at risk of complications during labor may not be identified using traditional clinical tools, several studies have investigated the possibility of finding a good predictor of poor neonatal and maternal outcome during labor. CPR has been studied widely and has been demonstrated to identify patients at risk for fetal complications. Fetal Doppler assessment, particularly CPR ratio, is apparently useful for evaluating the wellbeing of AGA fetuses close to term 13 . Recently, Flatley et al. 14 found that CPR and change in CPR during the third trimester can identify pregnancies at risk of various adverse perinatal outcomes. In contrast, while all patients in our population had good CPR values, some of them in fact had an adverse outcome. Our focus, however, was the contribution of maternal factors as a trigger for obstetric complications at term during labor.
In recent years, several studies have demonstrated clearly the usefulness and effectiveness of assessment of maternal hemodynamic changes during pregnancy in predicting maternal and fetal complications 15, 16 . A central role has been attributed to TVR; in fact, in an optimal placentation process, remodeling of the spiral arteries is associated with a marked reduction in TVR that includes the uteroplacental circulation, accounting for 20-26% of the reduction in TVR in the second trimester of pregnancy 17 . During the third trimester, TVR shows a plateau or slight increase to near-prepregnancy levels, and, by 2 weeks after delivery, maternal hemodynamics have returned largely to non-pregnant levels 17 . Alongside the decline in TVR, there is an increase in CO and SV 18, 19 . Absence of these important hemodynamic changes seems to be correlated with an increased incidence of complications, such as gestational hypertension, pre-eclampsia and intrauterine growth restriction 20, 21 . In this study, we enrolled term patients in the early stages of labor, recorded maternal hemodynamic parameters and hemoglobin and hematocrit values, performed fetal Doppler velocimetry and evaluated maternal and neonatal outcome. Both of our patient groups were classified a-priori as low risk, so we would not have expected any differences between them. In fact, the starting point of our study was the unifying factor of an absence of maternal and fetal pathology. Evaluation of pathological elements in such a group of low-risk patients is relatively difficult because the incidence of adverse events is very low. Nevertheless, we found significant differences in maternal CO and TVR between cases which developed complications during labor and those which did not. In the group with labor complications, CO was lower, probably reflecting suboptimal plasma volume expansion, with the higher CO values in patients with physiological labor indicating better cardiovascular performance. In this same group, TVR was higher; in particular, using the cut-off for TVR found with the ROC curve, there was an increased risk, with an odds ratio of 7.8 for Cesarean section due to fetal distress.
A limitation of our study is the small sample size; future work should include greater numbers and aim to identify other possible adverse outcomes that may be related to poor maternal hemodynamic performance.
The main conclusion to be drawn from this study is that maternal hemodynamics at the end of pregnancy could play a central role in the subsequent evolution of labor and the onset of complications. Study of maternal cardiovascular adaptation at the end of pregnancy might, therefore, be useful to identify those patients with no apparent risk factors who could benefit from closer surveillance to prevent maternal and fetal complications, and who would not otherwise be identified through traditional methods, potentially improving the accuracy and negative predictive value of widespread screening methods. The finding that TVR and CO can be used not only as a screening tool in the early identification of patients at high risk of hypertensive complications, but also in the evaluation of pregnancy at term in the absence of known risk factors, could open up new frontiers in the use of maternal hemodynamics.
